AD-A093  750  DEFENSE  MAPPING  AGENCY  HYDROGRAPHIC/  TOPOGRAPHIC  CENT-~ETC  F/G  17/7 
hydrographic  APPLICATIONS  OF  THE  GLOBAL  positioning  system* (U) 
dec  80  p  d  ounn*  j  w  rees 


unclassified 


NL 


-  X  UNCLASSIFIED 

secutt:  /  CLASSIFICATION  OF  THIS 


Ift 


PAGE  fWh«n  Date  Entered) 


WKL^ 


REPORT  DOCUMENTATION  PAGE 


1.  REPORT  NUMBER- 


NOS  Eighth  Hydrographic 
Survey  Conference _ 


12.  GOVT  ACCESSION  NO. 


\MsA£lil 


3.  RECIPIENT'S  CATALOG  NUMBER 

iro 


4.  TITLE  (and  Subtitle) 

1?  J  Hydrographic  Applications  of  the  Global 


Positioning  System 

s 


7.  AUTHORf*) 


f /*  1  Penny  D.^Dunn 
!  John  W.  /Rees^  II 


*-  ]»•  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

CO  ^>:  DMAHTC 


Washington,  D.C.  20315 


© 

< 


•  I.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 


14.  MONITORING  AGENCY  NAME  ft  ADORESS (If  different  from  Controlling  Office) 


9 

l 


l 


i 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


s.  TYPE  OF  REPORT  &  PERIOD  COVERED 


6.  PERFORMING  ORG.  REPORT  NUMBER 


8.  CONTRACT  OR  GRANT  NUMBERS) 


10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  &  WORK  UNIT  NUMBERS 


r./Y 


UL 


P^RT  OAT«  - 

Dec«rtww»t99<f  j 


number  OF  PAGES 


is.  SECURITY  CLASS,  (of  thle  report) 


Unclassified, 


1S«.  DECLASSIFICATION/ DOWNGRADING 
SCHEDULE 


16.  DISTRIBUTION  STATEMENT  (of  thle  Report) 

Approved  for  public  release;  distribution  unlimited 


17.  DISTRIBUTION  STATEMENT  (of  thm  mbmtrmct  entered  In  Bloc*  20,  If  dfttmront  from  Roport) 


18.  SUPPLEMENTARY  NOTES 


DTIC 

ELECTEI 


19.  KEY  WOROS  (Continuo  on  rereree  ofdo  ft  nocmmoory  and  identity  by  block  number) 


NAVSTAR 

GLOBAL  POSITIONING  SYSTEM 
MVUE 
Hanpack 


20.  ABSTRACT  (Cootm*  am  rororoo  H  t 


I  Identify  by  block 


joy 

k  dumber) 


Global  Positioning  satellites  have  been  tested  under  a  variety  of  conditions 
have  demonstrated  exceptional  accuracy.  The  most  portable  of  the  Phase  I 
development  equipment  is  the  manpack/vehicle  user  equipment  (MVUE  of  manpack) . 

The  purpose  of  this  study  was  to  determine  if  a  ipanpack  is  suitably  accurate 
for  large  scale  coastal  hydrographic  surveying.  The  manpack  was  placed  aboard 
the  Naval  Postgraduate  School  Research  Vesse^iR/V  ACANIA. and  operated  under*" 

conditions  in  Monterey  -Bay,  California.  This  objective |>require^^he^ovej) 


0 


and 


ACM 


VA 


UNCLASSIFIED 


eCU HIT Y  CLASSIFICATION  OF  THIS  PAQE(Whm  Dmtm  Bnffd) 


testing  of  the  manpack  denalopefl  by  9mm  T«rj-rnm*>ntg  inr^under  varying 
survey  conditions  to  determine  the  degradation  of  positional  accuracy.  The 
limit  of  the  survey  scale  to  which  the  unprocessed  manpack  data  could  be  employe 
in  a  real-time  operation  was  found  to  be  1:80,000  and  smaller  by  the  positioning 
error  criteria  of  0.5mm  to  the  scale  of  the  survey  (UiubatU  Applications 

of  differential  techniques  during  the  post-processing  of  the  manpack  position 
data  increased  the  limit  of  the  survey  scale  to  1:60,000  using  the  same  position 
criteria. 


t  i*  r  r  ; 

*  N7T"  Ml. Ax l 


Availability  Co Jo 
| Avail  and/or 
Dist  Special 


* 


HYDROGRAPHIC  APPLICATIONS  OF  THE  GLOBAL  POSITIONING  SYSTEM 


Penny  D.  Dunn 

Naval  Oceanographic  Office 
NSTL  Station,  Bay  St.  Louis,  MS  39522 

and 


CUEAPFH 

FOR  OPfch  PU0UUOON 


JAN  07)981  21 


John  W.  Rees,  II 
Defense  Mapping  Agency 
Washington,  D.C.  20315 


J!3£CT0HAH  FOR  FRfcE00M  Of  INFORMATION 
ANO  SECURITY  REVIEW  (OASD-PA) 

department  of  defense 


ABSTRACT 


Global  Positioning  satellites  have  been  tested  under  a  variety  of  conditions 
and  have  demonstrated  exceptional  accuracy.  The  most  portable  of  the  Phase  I 
development  equipment  is  the  manpack/vehicle  user  equipment  (MVUE  of  manpack) . 
The  purpose  of  this  study  was  to  determine  if  a  manpack  is  suitably  accurate 
for  large  scale  coastal  hydrographic  surveying.  The  manpack  was  placed  aboard 
the  Naval  Postgraduate  School  Research  Vessel  (R/V)  ACANIA  and  operated  under 
survey  conditions  in  Monterey  Bay,  California.  This  objective  required  the 
testing  of  the  manpack  developed  by  Texas  Instruments,  Inc.,  under  varying  sur¬ 
vey  conditions  to  determine  the  degradation  of  positional  accuracy.  The  limit 
of  the  survey  scale  to  which  the  unprocessed  manpack  data  could  bo  employed 
in  a  real-time  operation  was  found  to  be  1:80,000  and  smaller  by  the  positioning 
error  criteria  of  0.5mm  to  the  scale  of  the  survey  (Umbach,  1976).  Applications 
of  differential  techniques  during  the  post-processing  of  the  manpack  position 
data  increased  the  limit  of  the  survey  scale  to  1:60,000  using  the  same  position 
criteria. 


INTRODUCTION 

The  NAVSTAR  Global  Positioning  System  (GPS)  is  designed  to  be  the  most  advanced 
three-dimensional  navigation  and  positioning  system  in  the  world  in  terms  of 
accuracy,  coverage,  and  availability  to  ail  potential  users.  Testing  emphasis 
of  the  system  has  been  in  the  area  of  high  positional  and  navigation  accuracy 
as  applied  to  military  usage.  Of  importance  to  military  operations  is  the  need 
for  accurate  maps  and  charts.  Tests  to  this  date  have  not  addressed  this  need. 

This  test  was  conducted  to  determine  the  positional  accuracy  of  the  Texas 
Instruments  manpack  receiver  and  the  scale  of  survey  to  which  it  is  appli¬ 
cable.  Several  criteria  exist  for  determining  positional  accuracy.  The 
International  Hydrographic  Bureau  (IHB)  states  that  positional  error  shall 
seldom  exceed  1.5mm  at  the  scale  of  survey  []].  The  National  Ocean  Survey 
(NOS)  Hydrographic  Manual  has  adopted  this  criteria  with  the  further  stipulation 
that  of  the  1.5mm,  approximately  0.5mm  is  reserved  for  position  error[2] . 

For  our  test,  we  adopted  the  modification  outlined  by  Admiral  R.  C.  Munson, 
i.e. ,  "seldom"  will  be  taken  to  mean  Jess  than  10  percent  of  the  time  and  the 
1.5mm  value  will  be  interpreted  as  a  90  percent  accuracy  level.  [3].  Hydrographic 
operations  will  benefit  from  the  implementation  of  NAVSTAR  GPS  in  several 
ways:  positional  accuracy?  continuous,  worldwide,  all  weather  availability; 

simplification  of  survey  operations?  and  cost  reduction  [4] . 
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HYDROGRAPHIC  TEST  PROCEDURES 

A  test  plan  was  drawn  up  prior  to  the  test  itself  and  covered  three  major 
areas*  The  first  was  a  series  of  equipment  installation  tests.  These 
were  designed  to  determine  that  all  the  cables  and  antennas  were  properly 
connected,  power  sources  were  stable,  and  the  Mini-Ranger  and  the  manpack 
receiver  were  operating  within  design  specif ications . 

The  second  major  series  of  tests  were  the  performance  evaluation  tests. 

These  involved  a  static  test  where  the  receiver  antenna  was  set  up  over  a 
known  second-order  control  station;  a  pier  test  to  subject  the  receiver  to 
low  dynamic  conditions;  and  an  anchor  test  designed  to  subject  the  receiver 
to  moderately  dynamic  conditions. 

The  third  major  series  of  tests  were  survey  operation  simulations.  The 
manpack  was  installed  aboard  the  Naval  Postgraduate  School  Research  Vessel 
(R/V)  ACANIA,  a  120-foot  vessel  outfitted  for  oceanographic  work.  Since  the 
ACANIA *  s  maximum  speed  is  9  knots,  seme  adjustments  had  to  be  made  in  the 
testing  to  simulate  real  conditions. 

The  high  dynamic  test  was  run  to  determine  if  the  satellite  signal  was  lost 
simulating  acceleration  normally  experienced  during  inshore  surveying.  The 
circle  runs  were  designed  to  determine  if  any  radial  error  was  introduced  in 
positions.  The  5- and  9- knot  lines  were  the  closest  approximation  of  normal 
survey  procedures. 

The  testing  covered  a  period  of  9  days:  April  30  through  May  8,  1980.  Tests 
were  conducted  at  night  between  2000  and  0400  local  time  because  that  was  the 
period  of  optimum  satellite  availability.  Weather  was  good  for  the  entire 
testing  period.  Table  I  gives  a  breakdown  of  the  data  collected  daily  bg  line. 

ERROR  ANALYSIS 

A  fairly  lengthy  error  analysis  procedure  was  gone  through  due  to  the  volume 
and  variety  of  data  collected.  Table  II  gives  a  breakdown  of  the  error 
associated  with  component.  It  was  found  that  the  average  error  was  7  meters. 
Tabic  III  gives  a  breakdown  of  the  error  associated  with  the  satellite  system. 
[5J.  This  error  averages  out  to  5  meters  for  a  total  error  of  12  meters. 

Taking  the  best  data,  computations  produced  a  mean  offset  of  38+12  meters. 

If  the  error  total  of  12  meters  is  removed,  a  corrected  value  of  26+12  meters 
is  obtained. 


CONCLUSION 

With  updated  satellite  ephemeris  and  using  stable  satellites,  results  indicate 
that  the  MVUE  manpack  will  provide  the  accuracy  required  for  real-time  standard 
medium  scale  coastal  hydrographic  operations  of  1:80,000  and  smaller  by  the 
0.5mm  criteria  (40  meters). 


Post  processing  of  data  may  bring  the  accuracies  into  the  large  scale  1:60,000 
range.  Itoblems  associated  with  the  operation  of  the  navigation  filters  in  the 
receiver  need  to  be  resolved,  however,  before  any  determination  can  be  made 
as  to  further  improvement  in  accuracy. 
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Table  II  -  Error  Analysis  Associated  with  Test  Area  and  Equipment 
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Table  III  -  Error  Analysis  Associated  with  Satellite  System 


